Upon exposure to N2 laser light, a gaseous mixture of methyl acrylate (MA) and carbon disulfide (CS2) deposited sedimental aerosol particles on a glass plate placed at the bottom of the irradiation cell, together with a thin fil m on the surface of an optical quartz window. Aerosol particles deposited from the gaseous mixture was spherical with a mean diameter of X0.3 ,um. The mean diameter and the product yield deposited from a gaseous mixture of MA (50 Ton) and CS2 (30 Ton) gradually increased with increasing irradiation time of N2 laser light. IR spectrum of the sedimental aerosol particles showed the bands characteristic of poly(methyl acrylate), indicating that MA is polymerized into the aerosol particles produced from CS2.
Introduction
By multiphoton excitation and ionization of gaseous organic molecules under the irradiation of UV laser light, solid films and aerosol particles can be deposited directly from gaseous molecules.
By two photon absorption of N2 laser light, gaseous methyl acrylate (2-propenoic acid methyl ester) (MA) deposited a solid polymer film on the surface of an optical quartz window selectively in the area directly exposed to the incident laser light. [1] As to aerosol particle formation from gaseous molecules, carbon disulfide (CS2) was recently studied upon exposure to NZ laser light [2] [3] [4] [5] , and it was found that the sedimental aerosol particle was neither carbon monosulfide polymer nor carbon disulfide polymer, but an amorphous mixture of sulfur polymer and carbon polymer hitherto unknown [6] . Based on these results, we can expect to synthesize a variety of new solid materials from gaseous mixtures of organic molecules. From a gaseous mixture of acrolein (2-propenal) (AC) and MA, we have synthesized sedimental aerosol particles and a polymer film upon exposure to NZ laser light, and showed that the film was formed by copolymerization of MA and AC, and the mole fractions of the film depended on the initial composition of gaseous mixture and on the irradiated laser intensity. [7] To extend the study of solid material formation from gaseous mixtures, we have irradiated N2 laser light upon a gaseous mixture of MA and CS2, and have succeeded to synthesize sedimentary aerosol particles and a thin film. In the present paper, morphological characteristics, and some physical and chemical properties of the aerosol particles synthesized from the gaseous mixture of MA and CS 2 were investigated spectroscopically and by observing SEM images.
2.Experimental
MA (Wako Pure Chemical Industries, 98%, stabilized with 0.03% hydroquinone monomethyl ether) and CS2 (Wako, 99%) were stored in a refrigerator below 10 °C to prevent polymerization.
The MA and CS2 liquids were distilled under vacuum and degassed by freeze-pump-thaw cycles immediately before use. To prepare a gaseous mixture of MA and CS2, MA vapor at a pressure of 
3.Results and Discussion
Upon exposure to N2 laser light at an energy of 2.0 mJ/pulse for 4 h, gaseous mixture of MA (40-65 Ton) and CS2 (30-50 Ton) produced sedimental aerosol particles on a glass plate (which was placed at the bottom of . the irradiation cell in order not to be directly exposed to the incident laser light), together with a very thin polymer film deposited on an optical quartz window ( Fig. 1A) .
Formation of aerosol particles is much more efficient than the formation of polymer films under the present experimental conditions. Aerosol particles fell down on the glass plate with a reproducible sedimental pattern due to convection of the gaseous mixture ( Fig. 1B) . To determine the product yield of the aerosol particles, we measured the particle size distribution from SEM photographs. SEM photographs were taken at rive sampling points on a glass plate on which the aerosol particles fell down with a reproducible sedimental pattern (Fig. 1B) . One photograph covered the area of 18 x 24 µm, and diameters and volumes of all the particles in the rive SEM photographs were measured and averaged to evaluate the mean diameter and the yield.
The dependence of the mean diameter of the aerosol particles deposited from the gaseous mixture of MA (50 Ton) and CS2 (30 Tony) on the irradiation time of laser light at an energy of 2.0 mJ/pulse is shown in Fig. 3 . Both the diameter and the yield increased gradually with increasing irradiation time of laser light.
The dependence of the mean diameter of the aerosol particles on the initial composition of gaseous mixture was also measured. As is shown in Fig. 4 , the mean diameter increased with increasing CS2 pressure upon exposure to laser light for 5 h. The yield of the aerosol particles also increased with increasing CS2 pressure.
To characterize properties of the aerosol particles, IR spectrum was measured with the sedimental aerosol particles deposited from the gaseous mixture of MA (50 Ton) and CS2 (30 Ton); the result is shown in Fig. 5 . In the figure, IR bands characteristic of MA monomer [8, 9] such as the C=C stretching vibrational band at 1635 cm'1 and CH2 rocking and CH2 twisting bands at 1069 and 989 cm-1 disappeared. Furthermore, the bands characteristic of CS polymer such as C-S and C=S streching vibrational bands were not observed. The spectrum in the 1100 -1800 cm'1 region in Fig. 5 coincides well to the spectrum of poly(methyl acrylate) [8] and the weak bands at 1070 and 1020 cm-1 correspond to the IR bands observed with the aerosol particles deposited from pure CS Z vapor and tentatively assigned to a carbon polymer hitherto known. [ 6] From the assign- I Photopolym. Sci. Technol., Vol. 8, No.3,1995 ment of the IR spectrum, it is strongly suggested that MA is polymerized into the aerosol particles produced from CS. Sedimental aerosol particles deposited from the gaseous mixture of MA and CS2 were practically insoluble to tetrahydrofuran (THF), but the THE solution suspended with the aerosol particles became slightly brown. A dissolved component was detected by a gel permeation chromatography (GPC). A weak peak was observed at weight-average molecular weight of X260, and assigned to the sulfur polymer, Sg. Sg was also detected from the aerosol particles deposited from pure CS2
vapor. [6] This result suggests that the initial nucleation process of the gaseous mixture of MA and Cs 2 is similar to that of pure CS 2.
CS2 molecule has an allowed electronic transition to the 1B2 state (V system) and a forbidded transition to the 1A2 state in the 330 nm region. [ 10, 11] N2 laser light can excite CS 2 to the v'2 = 3 and 5 levels of the 1A2 state from v"2 =1 and 2 levels, respectively. Absorbance at 337.1 nm was measured with CS2 at a pressure of 30 Ton and MA at a pressure of 50 Tore by using a cell with a light path length of 10 cm; absorbance is 0.04 for CS, but is negligibly small for MA. Nucleation process of the excited CS2 molecules is efficient42-6] It is proposed that CS2 molecules excited by NZ laser light generates CZSZ instead of CS radical. [12] CS2* + CS2 -~ S=C=C=S + 52
CS2 can propagate into CnS2 through successive collisions with other CS2 molecules eventually to produce linear and cyclic carbon polymers. [12] Under the present experimental conditions, two-photon absorption process is effective for MA molecules, as was evidenced from the film formation from MA vapor. [1, 7] Therefore, it is reasonable to assume that initiating radicals produced from MA also initiate polymerization in the gaseous mixture. CH2=CHCOOCH3 -~ • C2H3 + • COOCH3 -~ • C2H3 + C02 + • CH3
In the gaseous mixture of MA and CS2, it is very likely that the carbon polymers produced from CS2 react with the initiating radicals and polymer radicals produced from MA to form composite aerosol particles.
It is worth mentioning that the polymer radicals produced from MA is relatively long-lived. [1] These radicals can collide with the aerosol particles already deposited on the glass plate to propagate further polymerization at the surface of the sedimented particles. This is a reason why the mean diameter of the aerosol particles increased with increasing irradiation time of laser light.
